The present work analyses the feasibility of a wind-diesel generator-battery hybrid system. The wind energy resource data are collected from the weather station at the Renewable Energy Development Center of Bouzareah in Algeria. The recorded values vary from 5.5 m/s to 7 m/s at 25 m. The hybrid system analysis has shown that for a household consuming 1,270 kWh/yr, the cost of energy is 1.205 USD/kWh and produces 2,493 kWh/yr in which 93% of electricity comes from wind energy. From this study, it is clear that the optimized hybrid system is more cost effective compared to the diesel generator system alone where the NPC and COE are equal, respectively, to 19,561 USD and 1.205 USD/kWh and 47,932 USD and 2.952 USD/kWh. The sensitivity analysis predicts that the grid extension distance varies from 1.25 to 1.85 km depending on wind speed and fuel price which indicate a positive result to implement a stand-alone hybrid power system as an alternative to grid extension. In addition to the feasibility of this system, it can reduce the emission of the CO 2 , SO 2 , and NO , respectively, from 4758 to 147, from 9.45 to 0.294, and from 105 to 3.23 kg/yr. Investments in autonomous renewable energy systems should be considered particularly in remote areas. They can be financed in the framework of the National Energy Action Plan of Algeria.
Introduction
An important challenge for Algeria to take up is the implementation of health care services in isolated coastal and mountainous regions of the north, high plains, and desert regions of the south.
Communities living there lack electricity for water sterilization, domestic use, medical services, education, and irrigation. These remote areas are not supplied with power lines. The important infant and maternal mortality rate in these regions is due essentially to transmissible diseases, scorpion poisoning, and malnutrition. The sub-Saharan localities are also threatened by the extension of sexually transmissible diseases as discussed by Armini [1] . The constructions of health clinics electrified by local resources such as solar and wind energy become the most suitable alternative.
In this context the aim of the present study is to control the feasibility, analyze, and simulate a wind-diesel generatorbattery hybrid system. Many research works including feasibility, optimization, and simulation studies have been carried out on hybrid energy systems [2] [3] [4] . Khelif et al. [2] have undertaken a feasibility of a hybrid PV/Battery/Diesel power plant using real meteorological data equipment costs to show the possibility of modifying a stand-alone diesel generator installation located in Afra, south of Algeria, into a hybrid system. Shafiullah et al. [3] have undertaken a feasibility study to investigate the solar and wind potential in some locations in Australia for renewable energy generation. Picohydro (pH) and photovoltaic (PV) hybrid systems incorporating a biogas generator for remote villages in Cameroon have been simulated and presented by Nfah and Ngundam [4] . On the other hand, unlike the methods based on hourly, daily, and monthly average energy values, a statistical approach for the PV arrays size and the number of batteries of a standalone PV/wind hybrid system was presented by Bagul et al. [5] . They proposed a three-event probabilistic approach to overcome the limitations of the conventional two-event approach in matching the actual distribution of the energy generated by hybrid systems. Recently, Celik [6] has made a technoeconomic analysis and optimization of a PV/wind hybrid energy system. A comparative study with a standalone solar and wind system for the same conditions of load, insulation, and wind velocities has also been conducted. On a fundamentally different basis, Morgan et al. [7] have studied the performance of battery units in an autonomous hybrid energy system at various temperatures by considering the state of voltage (SOV) instead of the state of charge (SOC). Their algorithm enabled the prediction of the hybrid energy system performance at various battery temperatures. Yang et al. [8] have proposed an optimization technique following the loss of power supply probability (LPSP) model for a PV/wind hybrid system taking into account the system reliability. They demonstrated the utility of their model through a case study of a hybrid unit for a telecommunication system. Ashok [9] proposes a model based on different system components of a hybrid energy system and develops a general model to find an optimal combination of energy components for a typical rural community, minimizing the life cycle cost. Photovoltaic solar and wind energy conversion systems have been widely used for electricity supply in isolated locations far from the distribution network. If such systems are designed properly, they can provide a reliable service and operate in an unattended manner for extended periods of time. However, they suffer from the fluctuating characteristics of available solar and wind energy sources, which must be considered at design stage. The degree of desired reliability of a solar and wind process so as to meet a particular load can be fulfilled by a combination of properly sized wind turbine, PV panel, storage unit, and auxiliary energy as proposed in [10] [11] [12] . Saheb-Koussa et al. [13] have elaborated a technicoeconomic study of the hybrid system consisting of wind and photovoltaic with battery storage, in which the diesel generator is added to ensure continuous power supply and to take care of the intermittent nature of wind and photovoltaic. This serves as an additional tool that helps choosing the best system (wind or photovoltaic installation) when the two possibilities are technically possible. The choice was based on the determination of the option which corresponds to the least cost and to the best performances.
Bouzareah site is located at a latitude of 36.8 degrees north, a longitude of 3.04 degrees east, and a height of 345 m above the sea level. It is a mountainous site, where several houses are located face to the Mediterranean sea, at 2 km from the grid supply.
It has been then chosen for an application of renewable energy using wind power system. We have done a feasibility study which will be followed by an experimental investigation of the behavior of such system. The feasibility of using the wind-diesel-storage hybrid system was proven to be advantageous.
This project was financed by the national research project fund. However, the budget which has been allocated was not enough to include photovoltaic modules, which led us in this work to consider only the wind-diesel-storage system.
Wind Resources Availability
The availability of measured data is of considerable importance in the design of systems of energy production from renewable resources. The use of measured data will allow researchers to improve accuracy and the efficiency of energy production in the local climate. Designers will be able to choose the optimal orientation, the best generator, products, and materials to be used.
Bouzareah station in Algiers is the main station where solar radiation and weather data are recorded for the last ten years.
The measured data are available in real time (updated every 5 minutes) and are made available through the website portal of Algerian Renewable Energy. The Center of Development of Renewable Energy offers through its website, a user interface to access and download freely the measured data for scientific and technical applications.
The actual station is a professional station which includes three pyranometers, a pyrheliometer, a sun tracker, several sensors for measuring temperature, humidity, rainfall, pressure, and duration of sunshine, an ultrasonic sensor for measuring the speed and direction of wind at 10 m, and a data logger type CR1000 Campbell Scientific (see 
Site Characteristics
The Bouzareah site is a coastal site, and according to the Köppen-Geiger climate classification [14] it can be considered as a temperate climate with a hot and arid summer (CSA climate). Using data measurement, recorded during the last five years, the monthly mean daily wind speed is calculated at 25 m. Figure 4 shows the corresponding yearly evolution as well as the measured one at 10 m [15] . Thus, it is observed that the more probable wind speeds are in the range of 3.5 m/s-5.5 m/s at 10 m and in the range of 5.5 m/s-7 m/s at 25 m, being less probable when the speed increases. The distribution of wind speed's probabilities at Bouzareah is obtained applying the mathematical expression of Weibull's function [16] , and it is defined by the following formula:
where is the shape parameter, describing the dispersion of the data, and is the scale parameter, with units of speed (m/s). The two parameters and are related to the average wind speed by the following relation: where Γ is the gamma function. To fit a Weibull distribution of measured wind data, HOMER uses the maximum likelihood method discussed by Stevens and Smulders [17] . The site characteristics are shown in Table 1 , and the predicted and actual wind rose and speed probability functions are shown in Figure 5 .
Description of the Retained System
The power plant under investigation ( Figure 6 ) consists of 01 diesel generator of 1 kW, one wind generator Whisper 200, batteries of 12 V with a nominal capacity of 100 Ah, a converter (DC/AC), and a load. This device can be extended to isolated coastal and mountainous regions of the north, high plains, and desert regions of Algeria. In hybrid mode, the diesel generator will be in operation only a few hours during the year for supplying the load with electricity and recharging the battery. This operation mode allows the reduction fuel consumption because of the fact that operation in base load is ensured by the wind generator.
Electric Loads
In this study, we consider a home consuming an energy load of 3.5 kWh/day with a 0.74 kW peak demand. Figure 7 shows the daily load profile graph. In this analysis, it is considered the use of fluorescent lights/compact fluorescent lights/ energy saving bulbs in place of incandescent lamps which results drastic load reduction. Figure 8 shows the power and Cp curves provided by the manufacturer.
Hybrid System Components

Diesel
Generator. Diesel generator supplies a significant amount of energy of the studied load. The selected diesel generator is characterized by an operating life time of 15000 hours, with power generating of 0.2 kW to 5 kW, by fuel consumption of 0.25 liters per hour, and with 30% of minimum load ratio. The generator has been considered at the cost of 1500 USD, replacement cost is $1200, and O&M cost is $0.05. The selected diesel generator has a 15000 lifetime operating hours.
6.3. Battery with Controller. As the system considered the AC load only, battery and controller were also considered as a main part of the system. Battery from vision battery company (Model Vision 6FM200D; nominal voltage: 12 V; nominal capacity: 100 Ah; lifetime throughput 917 Ah) has been used at a cost of $253, with controller charge, replacement cost is $200, and O&M cost is $1.
Converter.
A converter is required for systems in which DC components serve an AC load or vice versa. A converter can be inverter (DC to AC) or rectifier (AC to DC) or both.
The selected converter has a 15 year lifetime and efficiency equal to 90% for the inverter and 85% for the rectifier. The installation cost for a 1.0 kW size converter is $2040, replacement cost is $2000, and O&M cost is considered $2.
Economics and Constraints.
The project lifetime has been considered to be 25 years, and the annual interest rate has been taken 10%. The operation and maintenance cost has been taken 300 $/year. There is no capacity shortage for the system, and operating reserve is 10% of hourly load.
Results
Models were developed for the selected location in Algeria using HOMER simulation tools (Figure 9 ). The HOMER software developed by the National Renewable Energy Laboratory (NREL), USA, helps to design off-grid and gridconnected systems; it provides a method for finding the least cost system on the basis of a given load size, system components, and data for energy sources. There are many possible system configurations that are possible alternatives to grid extension. HOMER performs the energy balance calculations for each system configuration and determines whether a configuration is feasible. The system cost calculations account for costs such as capital, replacement, operation and maintenance, and interest. HOMER displays the entire possible system configuration, sorted by net present cost (NPC).
Optimization Results.
The optimization results show that the optimal wind-diesel generator-battery hybrid has lowest NPC (19,561 USD) with COE 1.205 USD/kWh; see Table 2 . From Table 2 it is shown that the optimized wind-diesel generator-battery reduces the NPC of about 2%, 54%, and 59% compared with wind-diesel generator-battery, winddiesel generator, and diesel generator only, respectively, which has a similar effect on the cost of energy (COE), diesel generator hours of operation, and a quantity of fuel consumption.
The annual electricity production from the optimal design solution is 2.493 kW/yr in which 93% electricity comes from a wind source and 7% electricity comes from a diesel generator with an annual capacity of shortage 0%, this is depicted in Figure 10 . The proposed hybrid system always produces more energy than the load demand for a few moments which is called excess energy. Thus, the excess energy is the surplus electrical energy that must be useless since it is unable to serve a load or charge the battery bank. The excess energy that must be useless because it is powerless to serve a load or charge the battery bank. The excess energy produced by the hybrid system is 36.2% and is associated with COE. For the reason that COE is defined as the ratio of the total annualized cost and annual load served, reducing the annualized excess energy and increasing the annual load served can optimize the cost of energy. On the other hand, the optimized configuration has 0% unmet load which is electrical load that the optimized system is unable to serve. 
Comparison with Grid.
In the present evaluation the distance of the proposed site (Bouzareah) is not identified; however, the breakeven, grid extensions distance can be determined. The breakeven grid extension distance is the distance from the grid which makes the net present cost of extending the grid equal to the net present cost of the standalone system. Farther away from the grid, the stand-alone system is optimal. Nearer to the grid, grid extension is optimal. Figure 11 compares the costs of these two possibilities and shows that the breakeven grid extension is 1.8 km. The slope of the grid extension curve represents the NPC of grid extension in 20,000 USD/km.
Sensitivity Results.
From sensitivity analysis, the models were analyzed to explore their characteristics using optimal system type and line graph options and spider graph. Figure 12 represents the sensitivity results from the data collected from Bouzareah. It can be seen that, with the increase of wind speed, the Total Net Present Cost and levelized Cost of Energy reduce significantly. From these graphical representations, it has concluded that a particular system would be optimal at a certain sensitivity of variables or conditions. Figure 13 shows the sensitivity results for the optimum system type from which it can be seen that a power system only fed by diesel generator-(Gr-) battery is only cost competitive when the wind conditions are below 3.5 m/s. These values are in accordance with the ones given by manufacturers and project developers around the world about the minimum natural conditions for their technologies to be feasible. In the case of small wind energy, the explanation is that the cut-in speed is normally around 3.5 m/s. This is a minimum value for specific wind speed at specific times (wind must blow at a minimum speed of 3.5 m/s for the turbine to produce electricity). Therefore, a wind-diesel generator-battery system is suitable when the wind speed and diesel price are above, respectively, 3.5 m/s and 2.1 $/L, and a wind-battery system is suitable when the wind speed and diesel price are above, respectively, 6 m/s and 0.7 $/L.
The effect of sensitive variables on grid extension distance is shown in Figure 14 . The breakeven grid extension distance varies from 1.25 to 1.85 km. The sensitivity analysis indicates that the breakeven grid extension distance reduces and grows up with the increasing, respectively, of wind speed and fuel price. 
Conclusion
This study simulates and analysis a wind-diesel generatorbattery hybrid system using HOMER software. The wind energy resource data are collected from the weather station of the Renewable Energy Development Center of Bouzareah in Algeria. So, from this study it is clear that the optimized wind-diesel generator-battery hybrid system is more cost effective compared to diesel generator alone system where the NPC and COE are equal, respectively, to 19,561 USD and 1.205 USD/kWh and 47,932 USD and 2.952 USD/kWh. From the sensitivity analysis, we predict that the grid extension distance varies from 1.25 to 1.85 km depending on wind speed and fuel price which indicate a positive result to implement a stand-alone hybrid power system as an alternative to grid extension. In addition to the feasibility of this system, it can reduce the emission of the CO 2 , SO 2 , and NO x , respectively, from 4758 to 147, from 9.45 to 0.294, and from 105 to 3.23 kg per year. This study is still in its preliminary phase, and further investigations are needed such as (i) making an experimental investigation of real system performances by using all components presented in Section 3;
(ii) the system cost could be reduced by combining a wind system with other energy sources such as photovoltaic;
(iii) finally, it is concluded that the obtained results from this study could be used in Algerian's National Energy Action Plan for the provision of small electrical energy load scale services in the key sectors involved in remote areas.
